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ABSTRACT 
 
The damage and negative consequences of the 
Israeli Cast Lead on Gaza in the period between 
December 2008 – January 2009 is not only 
limited to the number of martyrs and wounded 
people, the destruction of houses and the 
infrastructure, but it also reached the environ-
ment. This paper investigates the occurrence of 
phosphorus (P) in the soil of the northern 
governorate of the Gaza Strip which has been 
shaped as a result of the heavily bombing of 
white phosphorus on Gaza during the war. We 
have measured soil Phosphorus concentrations 
in three different areas; agricultural, non-
agricultural and urban areas. The obtained Olsen 
P values in most of the soil samples were ranked 
very high. The maximum value of phosphorous 
determined in agricultural areas was about 110.9 
mg/ kg, in the non-agricultural areas adjacent to 
boarders 63.3 mg/ kg, and in urban areas 85.2 
mg/ kg. The results show that the potential of 
phosphorus in the northern of the Gaza Strip is 
becoming higher than the allowed Olsen P 
values.  
 
Keywords: phosphorus, soil pollution, Olsen P, 
Gaza Strip. 
 
INTRODUCTION 
 
Gaza Strip is located at the south-eastern 
coast of the Mediterranean Sea, between 
longitudes 34° 2” and 34° 25” East, and latitudes 
31° 16” and 31° 45” North. It is an area of about 
365 km2 and it is 45 km long and its width ranges 
from 6 to 12 km approximately (Figure 1). It is 
located in the transitional zone between a 
temperate Mediterranean climate in the west and  
 
 
 
north, and an arid desert climate of the Sinai 
Peninsula on the east and south. The population 
characteristics are strongly influenced by political 
developments, which have played a significant 
role in their growth and distribution along the 
Gaza Strip. The total population is around 
1,562,000 (PCBS, 2009). Temperature gradually 
changes throughout the year; it reaches its 
maximum in August (summer) and its minimum in 
January (winter).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location map of the Gaza Strip 
 
Accredited B, SK No.:  65a/DIKTI/Kep/2008 
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The average of the monthly maximum 
temperature ranges between 17.6 C° in January 
and 29.4 C° in August. The average of the 
monthly minimum temperature in January is 
about 9.6 C° and 22.7 in August. The rainfall in 
the Gaza Strip gradually decreases from the 
north to the south. The values range from 410 
mm/year in the north to 230 mm/year in the south 
(Aish, 2008). 
Gaza topography is characterized by 
elongated ridges and depressions, dry stream-
beds and shifting sand dunes. The ridges and 
depressions generally extend NE-SW direction, 
parallel to the coastline. Ridges are narrow and 
consist primarily of Pleistocene-Holocen sand-
stone (locally named as Kurkar) alternated with 
red brown layer (locally named as Hamra). In the 
south, these features tend to be covered by sand 
dunes. Land surface elevations range from mean 
sea level to about 110 m above mean sea level. 
The geology of coastal aquifer of the Gaza Strip 
consists of the Pleistocene age Kurkar group and 
recent (Holocene age) sand dunes. The Kurkar 
group consists of marine and Aeolian calcareous 
sandstone (Kurkar), reddish silty sandstone 
(Hamra), silts, clays, unconsolidated sands and 
conglomerates (Gvirtzman et al., 1984). 
Regionally, the Kurkar group is distributed in a 
belt parallel to the coastline, from Haifa in the 
north to the Sinai in the south. Near the Gaza 
Strip, the belt extends about 15-20 km inland, 
where it overlies Eocene age chalks and 
limestones (the Eocene), or the Miocene-
Pliocene age saqiye group, a 400-1000 m thick 
aquitard beneath the Gaza Strip,  consisting of a 
sequence of marls, marine shale’s and 
claystones. The Kurkar group consists of complex 
sequence of coastal, near-shore and marine 
sediments. The Gaza Strip Pleistocene granular 
aquifer is an extension of the Mediterranean 
seashore coastal aquifer. It extends from Askalan 
(Ashqelon) in the North to Rafah in the south, and 
from the seashore to 10 km inland. The aquifer is 
composed of different layers of dune sandstone, 
silt clays and loams appearing as lenses, which 
begin at the coast and feather out to about 5 km 
from the sea, separating the aquifer into major 
upper and deep sub aquifers. The aquifer is built 
upon the marine marly clay Saqiye Group 
(Goldenberg, 1992). In the east-south part of the 
Gaza Strip, the coastal aquifer is relatively thin 
and there are no discernible sub aquifers (Melloul 
and Collin, 1994). The Gaza aquifer is a major 
component of the water resources in the area. It 
is naturally recharged by precipitation and 
additional recharge occurs by irrigation return 
flow. The consumption has increased sub-
stantially over the past years; the total 
groundwater use in year 2009 is about 165 
Mm3/year, the agricultural use about 74 
Mm3/year, domestic and industrial consumption 
about 91 Mm3/year (PWA, 2009). The ground-
water level ranges between 5 m below mean sea 
level (msl) to about 6 m above mean sea level. 
The soil in the Gaza Strip is composed 
mainly of three types, sands, clay and loess. The 
sandy soil is found along the coastline extending 
from south to outside the northern border of the 
Strip, in the form of sand dunes. The thickness of 
sand fluctuates from two meters to about 50 
meters due to the hilly shape of the dunes. Clay 
soil is found in the north eastern part of the Gaza 
Strip. Loess soil is found around Wadis, where 
the approximate thickness reaches about 25 to 
30 m. (Jury and Gardner, 1991).  
In the last Israeli Cast Lead on Gaza Strip 
in the period between December 2008 – January 
2009, the study area was heavily bombed with 
white phosphorous. Following up the change of 
phosphorus (P) concentrations in soil is important 
because of its impact on water quality and 
associated effects on public health (Bell and 
Codd, 1996; Correll, 1998). Surpluses in soil-P 
are spatially variable and this leads to variable 
distribution of soil-P both horizontally (e.g. Page 
et al., 2005) and vertically within the soil profile 
(Eckert and Johnson, 1985) depending on land 
management practices. P accumulates near the 
soil surface in non-tilled and grassland soil, while 
in conventionally tilled soils mechanical mixing of 
the soil results in lower P concentrations at the 
soil surface and a more even P distribution with 
depth (Weil et al., 1988; Simard et al., 2000). 
Phosphorus is mobilized due to rainfall-generated 
soil erosion (Kronvang et al., 1997; Quinton et al., 
2001), or leaching processes (Maguire et al., 
1998). Leaching is often associated with rainfall 
interaction with the surface 0–5 cm of soil 
(Sharpley, 1985). Export of P from catchments is 
highly, spatially and temporally variable because 
of differences in landform, continuously changing 
hydrological conditions and farming practices 
(Lennox et al., 1997; Withers et al., 2000; Page et 
al., 2005). Mobilization of the finer soil fraction 
has significance because P is preferentially 
bound to the finer fractions, and in particular clay- 
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and silt-sized material (Sharpley and Rekolainen, 
1997; Quinton et al., 2001; Owens and Walling, 
2002), and this material will stay in suspension 
longer compared to coarser material (which will 
also have a lower P content).  
In this study, the soil-P (Olsen-P) in the 
northern district of the Gaza Strip after the war 
was determined. This was done to evaluate the 
change in concentration of soil-P in particular on 
the depth average of 0-20 cm because of its 
impact on water quality and associated effects on 
public health. 
 
 
MATERIALS AND METHODS 
 
Sampling and Sample Preparation: 
Twenty three soil samples were collected 
from the northern governorate of the Gaza Strip 
in May 2009. They were taken from different 
categorized areas (agricultural, non-agricultural 
and urban), with the help of auger to a depth of 0-
20 cm. In all cases, samples were put in clean 
plastic bags and were homogenized. They were, 
then, air-dried and were passed through a mesh 
sieve with 2 mm openings. Figure 2 shows the 
locations of the soil samples taken from the 
northern of the Gaza Strip. 
 
Particle Size Distribution 
The particle size distribution of the soils 
was determined by the mechanical analysis using 
the Bouyoucos hydrometer, as outlined by 
Sheldrick and Wang (1993). Sand consists of 
particles >2 mm, silt of particles from 2 mm down 
to 2 μm, and clay particles < 2μm. 40 g of soil 
were put into a 600 mL beaker where 250 mL of 
ultra pure water and 100 mL of 0.5 % sodium 
hexametaphosphate were added. The latter 
reagent helped the sample be dispersed 
chemically. The suspension in the beaker was 
kept overnight. The next day, the content, helped 
with ultra pure water, was transferred to a 
dispersing cup and was mixed for 5 minutes with 
an electric stirrer. The sample was thus dispersed 
mechanically too. The suspension, helped with 
ultra pure water, was then transferred to a 1 L 
sedimentation cylinder and ultra pure water was 
added to take volume to 1 L. Some time was then 
allowed for the mixture to equilibrate thermally 
and a plunger was inserted to mix thoroughly. If 
there were foams, some drops of amyl alcohol 
were added. As soon as the mixing was complete 
the hydrometer was lowered into the suspension 
and a reading was taken after 40 seconds. The 
mixture was again thoroughly mixed with the 
plunger and another reading was taken after 7 
hours. The hydrometer was also lowered into a 
cylinder with ultra pure water only in order to take 
the blank reading.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Sample location map of the northern 
governorate of Gaza Strip 
 
Calcium Carbonate (CaCO3) 
The method employed for measuring the 
CaCO3 content of the soils was the Calcimeter 
method, taken from Rowell (1994). This method 
is quick, simple and accurate. The Calcimeter 
was used to measure the CO2 evolved from the 
soil samples when their CaCO3 content reacts 
with 4 N HCl. The Calcimeter had previously 
been calibrated with standard amounts of CaCO3, 
and thus the amount of CO2 which corresponds 
to the CaCO3 content of the soil samples was 
determined.  
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Soil pH 
The method for measuring the pH in the 
soils was taken from Bascomb (1974). The pH 
was measured in 1 : 2.5 w/v soil : water 
suspension and 0.01 M CaCl2. Ten grams of soil 
were weighed into a 50 mL plastic centrifuge tube 
and 25 mL of ultra pure water were added. The 
suspensions were shaken in an end-to-end 
shaker at 20 rpm at 21 0C for 15 minutes. The 
samples were, then, left to stand for 1 hour and 
the pH value determined using a pH meter was 
previously calibrated using 4.0, 7.0 and 9.2 buffer 
solutions. 
 
Chemical Determination of Phosphorus in 
Soil 
Sample Extraction 
There are different extractable forms of 
phosphorus. According to Olsen et al. (1954), 
Chang and Jackson (1957), Psenner et al. 
(1985), Yanishevskii (1996), Sabbe and Dunham 
(1998), Overman and Scholtz (1999) and Reddy 
et al. (1999), chemically extractable forms of 
phosphorus include water-soluble phosphorus 
(WSP), readily desorbed phosphorus (RDP), 
algal available phosphorus (AAP) and NaHCO3 
extractable phosphorus (Olsen-P). In this study 
Olsen-P method was used for the extraction of 
available phosphorous in the tested soil samples. 
 
Determination of Moisture Correction Factor 
(mcf)   
Before determining the p- available in the 
studied samples, their moisture percentage (m) 
and the moisture factor correction (mcf) should be 
determined. The results of soil analysis are to be 
calculated on the basis of oven dried sample 
weight. The determination of (mcf) was obtained 
as follows:   
  A pre-clean crucible was dried in oven at 
105Co for 2 hours and then cooled down to room 
temperature in desiccator. At least 10g of sample 
were weighed and transferred into the empty 
crucible. The crucible was then heated at 105Co 
for 12 hours, cooled to room temperature and 
weighed.  
Calculation: 
A)-(C
100% x C)-(B % content) (moisture m   
100
(%) m  100  factor) correction (moisture  mcf   
A: weight of empty crucible  
B: weight of crucible + sample 
C: weight of dried crucible + sample 
 
Olsen-P 
A weight of 2.50 g of soil sample was 
placed in a glass bottle and shaken for 0.5 h with 
50 mL of 0.5M NaHCO3 solution, adjusted to pH 
8.5. The suspensions were filtered through 
0.45mm Whatman filter membrane and the 
filtrates were analyzed for Olsen-P (Olsen et al., 
1954; Gonsiorczyk et al., 1998). The analytical 
results were normalized to air-dry weight {Pf (dw)} 
according to the following formula: 
Pf (dw) = Pf (ww)/(1 – mcf/100)   where Pf (ww) is 
the wet-weight. 
 
RESULTS AND DISCUSSION 
 
One of the unique characteristics of 
phosphorus is its immobility in soil. Practically all 
soluble phosphors from fertilizer or manure are 
converted in the soil to water insoluble 
phosphorus within a few hours after application. 
However, runoff water usually contains very low 
quantities of soluble phosphorus, even when 
phosphorus is surface applied, because of 
phosphorus immobility in soil. In general, soil test 
phosphorus should be 10 – 30 mg kg-1 for the 
field crops and somewhat higher for potato and 
some vegetable crops, including cabbage, carrot, 
melons and tomatoes (Schulte and Kelling, 1996). 
The soil types of the study area are 
described broadly based upon the USDA (United 
States Department of Agriculture) soil triangle. 
The types of soils found are categorized as 
loamy, loamy sand, sandy and sandy loam.  
The pH-values of all tested soil samples 
ranged between 7.6 and 8.7. This shows that all 
of the tested soils are slightly alkaline. The 
widespread soil alkalinity in the tested area is due 
to the presence of Calcium Carbonate CaCO3 in 
the soil samples. The percentage of CaCO3 found 
in the samples of the agricultural areas ranges 
between 3.8 and 15.2, in the non-agricultural 
areas between 9.2 and 15.5 and in the urban 
areas between 2.8 and 15.8.  From the above 
mentioned investigations, it can be concluded 
that the white phosphorus thrown in the tested 
areas is converted into P2O5 which is still 
available in high concentration as soluble 
orthophosphates (HPO42- and H2PO4-) at the top 
soil. The Olsen-P method was applied for the 
determination of P because it is generally used 
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for slightly basic soils and this complies with our 
soil analysis results. The high concentration of 
calcium in the soil means that in the near future 
the surpluses of P will react with Ca to form 
insoluble phosphorus compounds and 
accumulated into deeper soil layers. In long run, 
these may contaminate the soil, the crops, the 
ground water and vegetation causing 
considerable adverse impact on the health of 
consumers and local populations.  
Table 1 shows the degree of classification 
of P available in soil according to the extracted 
phosphorus by Olsen-method (Bashour and El 
Sayeg 2007). The highest P-available should not 
exceed a concentration of 20 mg kg-1 soil. 
The P concentration in the twenty three soil 
samples in different locations ranged from 2.12 
mg kg-1 to 110.90 mg kg-1. In agricultural areas, 
the P values in all samples were ranked very high 
and reached a maximum of about 110 mg kg-1 as 
shown in Table 2. These soil surpluses of P will 
destroy the natural ecosystem of animals and 
plants and contaminate the crops products 
through the food chain. The farmers usually use 
fertilizers containing phosphorous for their crops 
in the tested area. The agricultural area targeted 
by phosphorus bombs and remnants of 
phosphorus bombs, which are burned by 
touching, were also observed during the soil 
sampling in this area. The concentrations of P 
available detected had exceeded the allowed 
Olson P limits. 
The Non-agricultural areas are located in 
the eastern part of invaded area where the Israeli 
forces had used Phosphorous bombs to cover 
their attacks. The potential of phosphorus in half 
of the samples is classified as high to very high 
concentrations which exceeded the allowed 
limits, it ranged between 16.40 mg kg-1 to 63.27 
mg kg-1 as shown in Table 3. These areas should 
have neglected P values because they are close 
to the boarders where no agricultural activities 
are allowed. 
The samples from urban areas were taken 
from streets and house yards in Biet Lahia which 
were hit by phosphorus bombs. The potential of 
phosphorus in samples 10, 14, 15 and 22 was 
very high and reached a maximum concentration 
of 85.8 mg kg-1. Samples number 21 and 23 were 
taken from areas which are not thrown by 
phosphorous bombs to have an interior 
comparison. The analysis shows that these soil 
samples had low concentrations as expected. 
Table 4 illustrates the soil analysis results in 
urban area. 
A comparison was also conducted between 
the study sites and areas in Khan Younis 
governorate in the south of the Gaza Strip, which 
was not hit by white phosphorus. These areas 
are mostly planted with citrus trees and 
vegetables where farmers are using fertilizers 
containing phosphorus. The P value measured in 
Khan Younis area ranged between 8.20 to 15.50 
mg kg-1 as shown in Table 5. By comparing the 
results it was found that the P concentrations in 
the comparative area were much less than that of 
the study area and within the range level of 
agricultural fields 
 
Table 1. Classification of P-available in soil 
according to the Olsen-method 
P- available in soil 
(mg kg-1) 
Classification 
 0-3 Very low 
 3- 8 Low 
 8-14 Medium 
14-20 High 
20 + Very High 
 
Health and Environmental Effect of Phos-
phorus Weapons 
Phosphorus weapons which were used in 
urban areas against civilians and the environment 
were severely damaging. White phosphorus is a 
highly flammable incendiary material which 
ignites when exposed to oxygen. White 
phosphorus flares in spectacular bursts with a 
yellow flame when fired from artillery shells and 
produces dense white smoke. White phosphorus 
has a significant, incidental, incendiary effect that 
can severely burn people and set structures, 
fields, and other civilian objects in the vicinity on 
fire. White phosphorus has destructive effects on 
the environment and also plants and may remain 
within the deep soil for several years without any 
changes. 
On 17 January 2009, Israeli forces bombed 
civilian houses and a school run by the United 
Nations agency for Palestine refugees (UNRWA) 
in Beit Lahiya in the northern Gaza Strip. At least 
two children and six elderly were killed in the 
attack and another dozen was wounded by the 
white phosphorus bombs thrown on them. Figure 
3 shows some photos of casualties and urban 
areas attacked by phosphorous bombs. 
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Table 2. Analysis data for agricultural soil samples 
 
Olsen P 
Classification 
Olsen P 
mg /kg pH 
 % 
CaCO3  Soil Type Coordinates  Sample location 
Sample 
 No. 
High 18.19 8.40 15.2 Loam N 31° 30,687 E 34° 29,601 
Tal Al- Rais 
adjacent to boarders 3 
Low 3.19 8.56 18.4 Loamy Sand 
N 31° 30,74 
E 34° 29,324 
Tal Al- Rais /eastern 
side1 of Al -Tofah 4 
Very high 110.91 8.13 4.8 Loamy Sand 
N 31° 33,73 
E 34° 29,37 Bitlahia - seyafa 12 
Very high 77.73 7.91 3.8 Sandy N 31° 33,73 E 34° 29,37 Bitlahia - seyafa 13 
Very high 97.37 8.06 8.0 Sandy Loam 
N 31° 34,555 
E 34° 29,577 
Bitlahia - seyafa close 
the northern boarder 1 16 
Very high 55.42 7.91 2.8 Loamy Sand 
N 31° 34,525 
E 34° 29,627 
Bitlahia - seyafa close 
the northern boarder 2 17 
Very high 50.53 8.11 8.2 Loamy Sand 
N 31° 34,519 
E 34° 29,62 
Bitlahia - seyafa close 
the northern boarder 3 18 
 
 
Table 3.  Analysis data for non-agricultural soil samples 
Olsen P 
Classification 
Olsen P 
mg /kg pH 
%  
CaCO3 
Soil Type Coordinates  Sample location Sample No. 
Low 7.18 8.41 15.8 Loamy Sand 
N  31°  30,771 
E   34° 29,575 Tal Al –Rais 1 
Very low 2.20 8.43 14.0 Loamy Sand 
N  31°  30,772 
E   34° 29,553 Tal Al –Rais 2 
Very low 2.36 8.58 10.4 Loamy Sand 
N 31° 31,39 
E 34° 30,10 Tal Al – Kashef 9 
high 16.42 8.50 6.3 Sand N 31° 34,432 E 34° 29,534 
Previous Dokit-  
settlement 1 / 
Bitlahia 
19 
low 5.94 8.04 3.4 Sand N 31° 34,41 E 34° 29,51 
Previous Dokit-  
settlement 2 / 
Bitlahia 
20 
Low 4.88 8.62 9.2 Loamy Sand 
N 31° 3,66 
E 34° 29,27 
Al- Rais 
mountain- 
eastern side2 of 
Al –Tofah 
5 
Very high 53.98 8.19 12.5 Sandy Loam 
N 30° 30,679 
E 34° 29,24 
Tal Al- Rais / 
eastern side3 of 
Al –Tofah 
6 
Very high 35.47 8.37 15.5 Loamy Sand 
N 31° 30,577 
E 34° 29,240 
Tal Al- Rais / 
eastern side4 of 
Al –Tofah 
7 
Very high 63.27 8.13 10.2 Sandy Loam 
N 31° 30,564 
E 34° 24,222 
Tal Al- Rais / 
eastern side5 of 
Al –Tofah 
8 
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Table 4.  Analysis data for urban soil samples 
 
Olsen P  
Classification 
Olsen P 
mg /kg pH 
% 
CaCO3 Soil Type Coordinates  Sample location 
Sample 
No. 
High 19.37 8.07 5.8 Sand N 31° 33,542 
E 34° 29,71 
Bitlahia – seyafa 10 
Medium 9.77 8.43 8.6 Sand N  31°  33,542  
E   34°  29,710 
Bitlahia – seyafa 11 
Very high 85.83 7.63 2.6 Sand N 31° 33,787 
E 34° 29,391 
Bitlahia - seyafa 
country 
14 
Very high 30.65 8.55 3.4 Sandy loam N 31° 33,793 
E 34° 29,382 
Bitlahia - seyafa 
country 
15 
low 4.05 7..84 2.8 Sand N 31° 33,109 
E 34° 29,215 
Bitlahia – seyafa 21 
Very high 40.59 8.34 9.8 Sand N 31° 33,109  
E 34° 29,553 
Bitlahia – seyafa 22 
Very low 2.12 8.70 4.3 Sand N 31° 33,616 
E 34° 28,914 
Bitlahia – seyafa 23 
 
Table 5.  Analysis data for agricultural area which was not attacked by Phosphorous bombs in Khan Younis 
Sample 
No. 
Sample 
Locations Coordinates Soil Type 
% 
CaCO3 pH 
Olsen P 
mg /kg 
Olsen P 
Classification 
24 North west 
Khan Younis 
N 31 37 960 
E 34 31 51 
Sand 
 
7.2 
 
8.40 11.40 
 
medium 
25 North west 
Khan Younis 
N 31 30 001 
E 34 31 037 
Sandy 
loam 
7.8 8.56 13.6 medium 
26 South west 
Khan Younis 
N 31 33 715 
E 34 27 945 
Sand 6.4 8.13 15.50 high 
27 South west 
Khan Younis 
N 31 33 517 
E 34 27 307 
Sand 4.8 7.91 8.20 medium 
28 South west 
Khan Younis 
N 31 33 413 
E 34 27 401 
Sand 5.3 8.06 12.10 medium 
29 South west 
Khan Younis 
N 31 30 991 
E 34 28 173 
Sand 4.9 7.91 12.8 medium 
30 East 
Khan Younis 
N 31 29 395 
E 34 32 724 
Sandy 
loam 
5.4 8.11 9.70 medium 
        
CONCLUSIONS 
 
The potential of Phosphorous pollution 
after the war on Gaza was investigated in the 
northern district of Gaza Strip. The P values 
were ranked very high in most of the soil 
samples and exceeded the Olsen P limits. In 
Agricultural areas the P values in all samples 
were ranked very high and reached a maximum 
of about 110 ppm. This will destroy the natural 
ecosystem of animals and plants and 
contaminate agricultural products through the 
food chain. In the Non-Agricultural areas, the 
potential of phosphorus in half of the samples 
was high to very high (16.4 to 63.27 ppm), and 
in urban areas, the potential of phosphorous 
varied from low in not targeted areas to very 
high to reach a value of 85.8 ppm in bombed 
areas. This will cause health problems 
especially among children and the elderly.  
Comparative measurements were 
conducted in Khan Younis, which was not 
bombed with white phosphorous bombs. The 
obtained results show P values within the range 
level for agricultural fields. 
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